The maize (Zea mays) leaf is a valuable system to study the sucrose import to sucrose export transition at the cellular level. Rapidly growing and fully heterotrophic cells in the basal part of the young leaf showed a high sucrose synthase (SS) activity. Leaf SS has been purified to homogeneity. By comparison with purified kernel SS isozymes, the leaf SS has been identified as SS2. SS, protein and SS2 protein were clearly separated by electrophoresis and the two monomers differed in size by 6 kilodaltons. Nevertheless, kinetic parameters of both enzymes were very similar. Immunodetection of SS protein showed that in young heterotrophic tissues SS2 was a major protein accounting for 3% of the total protein. Concurrent with greening, SS activity decreased and the change of activity was explained by regulation of the protein level. In mature green tissues, which are synthetizing sucrose as evidenced by the presence of sucrose phosphate synthase activity, SS activity was almost completely absent.
During leaf development, potentially photosynthetic leaf cells progressively acquire their photosynthetic capacity by differentiation of proplastids into functional chloroplasts. Si- multaneously, and at an appropriate time, the sucrose import process must be turned off while the sucrose synthesis and the export start to function. While the developmental and environmental control of chloroplast gene expression during greening has been extensively studied (see the recent review by Gruissen [7] ), the cellular mechanisms underlying the transition from sucrose import to sucrose export has received little attention (24) . Analysis of events involved in this metabolic reorientation is now possible since the likely key enzymes catalyzing rate limiting steps in importing and exporting cells have been identified in the last few years.
Assimilate export rate depends on the flow rate of carbon through the sucrose synthesis pathway (19 glucosyltransferase EC 2.4.1.14) catalyzes a reaction which may be rate limiting for sucrose synthesis (10, 15, 20) . During spinach leaf development, increased SPS activity followed closely the increase in enzyme-protein level (25) .
A sink leaf tissue is a sucrose utilization sink in which hexose-P are obtained from the sucrolytic breakdown of imported sucrose. It is generally considered that the sucrose gradient necessary to sustain the phloem unloading is, in part, controlled by the utilization of sucrose in the cytoplasm of the sink cells. Two enzymes may cleave imported sucrose: invertase (f,-D-fructofuranoside fructohydrolase, EC 3.2.1.26) which catalyzes the cleavage of sucrose to glucose + fructose and sucrose synthase (UDP-glucose: D-fructose 2-glucosyltransferase, EC 2.4.1.13) which catalyzes the reversible interconversion of sucrose and UDP to UDP-Glc + Fru. The sucrose synthase pathway for sucrose breakdown has been described recently (1, 13) .
Activities in extracts from young leaves suggest that either invertase or SS may have the major role in sucrose cleavage depending on the plant examined (24) . Both acid invertase activity (11) and SS activity (3, 14, 21) decline during leaf expansion. Schmalstig and Hitz (22) estimated the relative in vivo activities ofinvertase and SS in expanding soybean leaves. In very young leaves, all sucrose cleavage was by SS. Furthermore, sucrose cleavage activities through the SS pathway apparently reflect the sink strength in certain plant sinks (6, 18, 23) .
In developing maize kernels (5, 8, 16) , two sucrose synthase isozymes, SS, and SS2, are encoded by separate genes, Shrunken and Sus respectively, both located on chromosome 9 (4). While expression of both SS genes exhibits a complex tissue and temporal specificity (2, 9) (12) in the presence of 10 mM Fru 6-P, 40 mM Glc 6-P, and 10 mM UDPGlc in buffer B. The fructose moeity of sucrose-P + sucrose was determined by the resorcinol method.
SS Purification
SS was purified both from whole developing kernels har- In our growth conditions the whole development of the fourth leaftook 9 d (Fig. IA) . Maximum extension rate, about 10 cm d-', was between 30 and 50% FL. Ligules were visible when leaves were 85% FL.
Base
This part of the leaf was completely surrounded by older leaves and the Chl content was very low (Fig. 1B) . Light screening by sheaths of the second and third leaves increased and the Chl content in the fourth leaf decreased during the first 3 d. Thus, during the whole development of the fourth leaf, tissues in the base were heterotrophic. In cells, proplastids were not differentiated and in our growth conditions they contained only a few small starch granules before the formation of the ligules (T Brangeon, personal communication). The protein content was relatively low and constant in leaves up to 50% FL, after which it decreased progressively (Fig.  1C) . The minimum value coincided with the formation of the ligule. SS activity was high and remarkably unaltered up to the formation of the ligule (Fig. 2B) and then it decreased. SPS activity was low and did not vary with time ( Fig. 2A) . 
Middle and Tip
In these two parts of the leaf, cells were progressively ageing and greening. The Chl content and the protein content followed the same pattern (Fig. 1, B and C) . Both increased up to 50% FL (d 3) and then remained at the same value. Rates of increase were twofold higher in the tip than in the base. In the middle of the leaf, SS (Fig. 2B ) activity in young leaves ( 15% FL) was as high as in the base but decreased rapidly to a very low but detectable value when the leaf was 45% FL. Thus, it took less than 48 h to pass from the maximum to the minimum of activity. The time course of changes in SS activity was shifted by 24 h in the tip relative to the middle. SS lowered sooner than in the middle and SS was at the minimum value in 35% FL leaves. SPS activity showed a symmetric pattern (Fig. 2A) . In the tip, SPS activity was low in young leaves but increased rapidly in leaves longer than 45% FL (d 2.5). The rise in SPS activity began 20 h later (60% FL) in the middle portion of the leaf but the rate of increase was similar thereafter. The maximum SPS activity was reached at the same time as the end of the leaf extension. In heterotrophic tissues there was a background of apparent SPS activity of 150 ,umol/mg protein per min. Crude extracts also expressed phosphatase activity (data not shown) and it is possible that fructose was formed from the added fructose-6P. Because the reaction mixture contained UDPGlc and a rather high SS activity, some sucrose may have been synthesized by SS activity leading to an overestimation of SPS activity.
Quantity of SS Protein
To quantify the SS protein content of leaves, monospecific antiserum raised against purified leaf SS has been used. Changes in SS enzyme protein levels (Fig. 2C) were similar to changes in SS activities in the three parts of the leaf (Fig. 2B . In the base of young leaves (<50% FL) the quantity of SS was 3% of the total protein and then it increased linearly up to a value of 8% due to the decrease in total protein per g fresh (5) it has been known that developing kernels contain two sucrose synthase isozymes, SS, and SS2. The different electrophoretic mobility of both enzymes has been described. Our results with purified kernel SS confirm these results. In native gels (Fig. 3C ) stained by Coomassie blue there was only one band, SSI. SS activity was detected in the gel at this position. In SDS gels (Fig. 4C , left handside) of purified preparations a very small amount of SS2 was nevertheless observed. Immunoblot analysis of SS purified from developing kernels (Fig. 4C right handside) resolved two bands: a major one, SS,, and a minor one, SS2, exhibiting a slightly higher mobility. The absence of SS2 band in native gels from kernel preparations may be explained by polymerization of SS, and SS2 monomers. In vivo polymerization of SS, and SS2 protomers has been shown to occur in root and in shoot tissues but not in kernels (2) . The quantity of SS2 was considered low enough to use these preparations to study SS, characteristics. Antibodies raised against SS, or SS2 recognized SS,, SS2, and another protein with a much higher mobility in crude extracts from kernels (Fig. 4D , right panel). This protein was certainly a degraded form of SS since it was immunodetected by antibodies raised against leaf SS but not detected in leaf extracts (Fig. 4A, right panel) . The Mr of the native protein SS, measured by gel filtration was 360,000. The Mr of the SS, subunit determined by SDS-PAGE electrophoresis was 96,000.
The same experiments were performed with both crude extracts and purified SS from leaves. The data clearly showed that in this tissue SS was mainly SS2 (Fig.3B ). This protein band exhibited SS activity in the gel. Nevertheless, a very small amount of SS, (Fig. 4B, left panel) , depending on the age of leaves, was clearly detected by Western blotting (Fig.  4B, right panel) . Anti-SS1 and anti-SS2 antibodies formed specific immune complexes only with SS, and SS2 in crude extracts from leaves (Fig. 4A, right panel) . Sucrose synthase (SS,) from kernels and SS2 from leaf tissue were separated by native PAGE electrophoresis but eluted with the same elution volume from the Superose 6 filtration column. On SDS-PAGE electrophresis, the Mr of SS, and SS2 subunits were separated by 6,000; SS2 subunits Mr were found to be 90,000.
Kinetics and Nucleotide Specificity
Kinetic parameters for the sucrose cleavage reaction were very similar for SS, and SS2 (Table II) . Both exhibited typical Michaelis-Menten kinetics for UDP and sucrose. Eadie-Hofsee plots (V. against VOSO) were linear (r > 0.98) for the whole range of UDP and sucrose concentrations assayed, 4 ,M to 1 mm and 1.6 to 200 mm, respectively. Echt and Chourey (5) found nonlinear double reciprocal plots with SS, purified from maize kernels and SS2 from plumules and coleoptiles. Nevertheless, our results are in good agreement with their estimation of Km (sucrose). The SS isozymes could not be discriminated by their nucleotide specificity. Neither SS, and SS2 were fully specific for UDP (Table III) . At 1 mM nucleotide activities were maximum with UDP but TDP and ADP were also used at a significant level. Relative activities of UDP, ADP, and TDP differed from previously published data with higher nucleotide concentrations (5) . Inhibition by reaction products in the cleavage reaction has been analyzed for SS, and SS2. For both enzymes UDPGlc was a competitive inhibitor for UDP (Fig. 5) with Ki values close to 3 ,M and fructose a competitive inhibitor for sucrose ( Fig. 6) with Ki values of 0.6 mm for SS2 and 0.3 mm for SS,. The detailed description of the temporal pattern of these events suggests something about the possible underlying mechanisms. The down-regulation of SS2 activity via alteration of enzyme-protein quantity before SPS activity increases rules out the possibility that the cessation of import may be initiated by an increase of sucrose concentration due to the development of sucrose synthesis in greening cells. Rather, we postulate that in maize leaves the regulation of SS is an early step in the import to export transition. The present experiments are not fully conclusive on whether light is the signal for SS down regulation. Nevertheless, the good correlation between the Chl content and SS activity is in favor of this proposal (Fig. 7A) . We postulate that the decrease in SS2 protein and Chl accumulation are initiated at the same time. Chl synthesis is a process known to be induced by light. In contrast, SPS activity increases relatively late, when cells have almost completed the Chl synthesis (Fig. 7B) . Therefore, light is probably not the signal triggering the SPS induction in light grown maize leaves.
It is interesting to note that SS2 enzyme protein, which constitutes 3% of total protein, is rapidly degraded at a time where the photosynthetic machinery is built up. Therefore, in maize leaves, SS2 may not only play an important role in growth by regulating the carbon availability of rapidly extending cells but, also, it may be a transitory source of carbon and nitrogen during greening. 
